ABSTRACT Two experiments were conducted to evaluate the effects of using black cumin seeds (BCS), Artemisia leaves (AL), and Camellia L. plant extract (CLE) in the diets of broiler chicks. Experiment 1 was conducted as a completely randomized design in a factorial arrangement (2 × 2) with 8 replicates of 4 chicks in each battery cage. Factors included 2 levels of BCS and AL (0 and 1%). Experiment 2 was conducted as a completely randomized design with 4 treatments (control, 0.3 and 0.5 g/kg of CLE, and 0.5 g/kg of mannanoligosaccharide) of 8 replicates and 4 chicks in each. Body weight and cumulative feed intake were measured at 21, 35, and 42 d of age. Antibody response against SRBC was measured on d 28 and 42. Blood characteristics, relative weight and length of different parts of the carcass, gastrointestinal pH, villi length, and crypt depth were measured at 42 d of age. Artemisia addition did not affect BW and feed conversion ratio (FCR) but decreased feed intake significantly up to 21 d of age (P ≤ 0.01). Black cumin significantly increased BW (P ≤ 0.05) at 21 and 42 d of age and decreased FCR throughout the experimental period (P ≤ 0.01). Artemisia significantly increased monocytes but had no effect on gastrointestinal pH, antibody response, and relative weight and length of different parts of the carcass. Black cumin increased red blood cells, hematocrit, hemoglobin, gizzard relative weight, and pH but decreased antibody response and monocytes percentage (P ≤ 0.01). Artemisia did not affect plasma lipid profile but decreased coliform and Escherichia coli populations of ceca significantly (P ≤ 0.01 and P ≤ 0.05, respectively). Addition of 0.5 g/kg of CLE decreased BW, feed intake, and FCR throughout the experiment (P ≤ 0.01). Camellia increased gizzard and proventriculus pH, villi length, and crypt depth (P ≤ 0.01) but decreased primary antibody response, total white blood cell count, and cholesterol concentration (P ≤ 0.05). The results of this experiment showed that using BCS alone or mixed with AL improved broiler health and performance but CLE negatively affected broiler BW and feed intake and is not a good alternative to commercial mannanoligosaccharide.
INTRODUCTION
Aromatic plants are frequently used in traditional medicine as antimicrobial agents, and their extracts, mixtures of natural volatile compounds isolated by steam distillation, have been known since antiquity to possess antibacterial and antifungal properties. Previous studies have suggested that several essential oils showed important antimicrobial activity against bacteria, yeasts, dermatophyte, and Aspergillus strains (Janssen et al., 1987; Rios et al., 1988; Griffin et al., 1999) . The major constituents of many of these oils are phenolic compounds (terpenoids and phenylpropanoids) such as thymol, carvacrol, or eugenol, of which the antimicrobial and antioxidant activities are well documented (Lawrence, 2005) . Phytogenic feed additives and their oils and extracts have received considerable attention as alternatives to the traditional antibacterial feed additives such as antibiotics, probiotics, and prebiotics. Feed antibiotics, which have been used for promoting growth in farm animals, have been banned in many countries. Removal of antibiotics from the diet may negatively affect profitability of the animals. Therefore, the feed industry will have to research alternatives to the antibiotics (Hertrampf, 2001; Humphrey et al., 2002) .
One of the alternatives used as a feed additive is black cumin seeds (BCS). Black cumin seeds (Nigella sativa L.) are also known as black seed and grow in Asian and Mediterranean countries. The seed of black cumin is rich in essential oils and has been used for centuries in the Middle East, Northern Africa, Far East, and Asia for the treatment of asthma (el-Tahir et al., 1993) and as an antitumor agent (el Daly, 1998) . A few studies show that BCS have antibacterial activity (El-Kamali et al., 1998; Mouhajir et al., 1999; Nair et al., 2005) . Halle et al. (1999) used oils and seeds of black cumin in broilers and reported positive effects on broiler performance. These researchers investigated the effects of diets supplemented with essential oil (0.1 or 1 g/kg) or oilseed (10 or 50 g/kg) of black cumin on body performance in 2 experiments and showed an increase in BW in experiment 1. However, in experiment 2 of the same study, no positive results related to those parameters were found (Halle et al., 1999) . Al-Homidan et al. (2002) reported no adverse effects on performance with 10% of BCS. El-Bagir et al. (2006) reported the positive effects of black cumin on egg production and BW of laying hens.
Aromatic plants producing nonphenolic essential oils, like some Artemisia species, are also used as spices and in folk remedies as antiseptics. Powdered leaves of Artemisia absinthium, Artemisia biennis, Artemisia frigida, and Artemisia ludoviciana have been applied externally in salves and washes by North American native people for treating sores and wounds and used internally to treat chest infections (Kershaw, 2000) . Recently, the chemical composition and antimicrobial and antioxidant activities of A. absinthium and Artemisia dracunculus oils from Turkey were investigated (Kordali et al., 2005a,b) . The oils had inhibitory effects on the growth of bacteria and fungi tested and showed moderate and weak antioxidant activity, respectively (Kordali et al., 2005a,b) . Lopes-Lutz et al. (2008) showed that the oils of different species of Artemisia had varying degrees of growth inhibition against the microorganisms such as Escherichia coli, Staphylococcus epidermidis, and Staphylococcus aureus.
Numerous studies have reported that health properties of tea leaves and their bioactive substances are beneficial to human beings (Dufresne and Farnworth, 2001; Ferrara et al., 2001; Kobayashi et al., 2006; Pastore and Fratellone, 2006; Zhu et al., 2006; Hsieh and Chen, 2007; Khan and Mukhtar, 2007; Chen et al., 2008; Wang et al., 2008) . Pharmacological studies indicated that tea flower extract had an inhibitory effect on increased serum triglyceride levels in mice treated with olive oil (Yoshikawa et al., 2005) . Polyphenols, caffeine, and saponins present in tea or other common foods were free from toxicity in humans (Dini et al., 2001; Chow et al., 2003; Knight et al., 2004; Sparg et al., 2004) . Saponins occur widely in the plant kingdom. Their pharmacological properties (e.g., cancer-related activity and antiallergenic, antibacterial, antiinflammatory, and antihepatotoxic activities) have recently been reviewed (Yi et al., 2000) . Saponins have also been recognized as bitter components in tea (Yi et al., 2000) .
In the literature, few studies examine using intact aromatic plants as essential oil (Artemisia leaves; AL) and fixed oil (BCS) sources in broiler diets. No studies have evaluated the interaction effects of using a mix of these 2 plants in broiler chicks. Experiment 1 of this study investigated the effects of using BCS and Artemisia sieberi leaves in the form of intact plant (without any extraction) on changes in chemical composition, broiler performance, blood constituents, and immunity. In experiment 2, effects of Camellia L. plant extract (Chinese tea plant), which had high levels of terpenoid, was evaluated and compared with a commercial prebiotic.
MATERIALS AND METHODS

Experiment 1
Bird Management and Experimental Design. A total of 128 male Ross 308 broilers (1 d old) were obtained from a local commercial hatchery and raised over a 42-d experimental period. The chicks were housed in thermostatically controlled batteries with raised wire floors in an environmentally controlled building. The experiment was performed as a completely randomized design in a factorial arrangement (2 × 2) with 8 replicates of 4 chicks in each battery cage. Factors included 2 levels (0 and 1%) of BCS and AL. Black cumin seeds and AL were added on top of the basal diet. Throughout the study, the birds were brooded following standard temperature regimens, which gradually decreased from 32 to 24°C, and under a 23L:1D cycle. Basal diets were formulated to meet or exceed Ross 308 broiler nutrition specifications for macro-and micronutrients (Table 1) . A 2-phase feeding program was used, with a starter diet from d 1 to 21 and a grower diet from d 22 to 42. Body weight and cumulative feed intake were measured and feed conversion ratio (FCR) was calculated at the end of wk 3, 5, and 7 for each cage.
Plants Preparation. Artemisia leaves were collected at the beginning of July from the Tehran countryside (latitude: 35°38′50″N; longitude: 50°38′18″E; altitude: 1,398 m). Collected AL were separated by hand, sun dried, and ground with a laboratory hammer mill (1-mm screen, Riechst model Z-I, Stuttgart, Germany). Black cumin seeds were obtained from a local company in Karaj and ground by the same hammer mill. After oven drying (60°C for 72 h) of AL and BCS, crude fiber, neutral detergent fiber (NDF) and acid detergent fiber (ADF) were determined by sequential extraction with diluted acid and alkali (method 962.09; AOAC, 2000) , N was determined by the Kjeldahl method (method 954.01; AOAC, 2000) , and ether extract was determined by Soxhlet fat analysis after 3 N HCl acid hydrolysis (method 920.39; AOAC, 2000 Immune Measurements. At 21 and 35 d of age, 0.1 mL/kg of BW of 0.5% SRBC was injected into the brachial vein of 2 chicks per cage. The same birds were vaccinated with SRBC at both time points. Seven days after each injection, blood was collected in nonheparinized tubes by puncturing the brachial vein. Serum was obtained by centrifuging at 1,500 × g for 15 min at 25°C, and stored at −30°C until assayed. Individual serum samples were analyzed for antibody responses against SRBC by ELISA technique using commercial kits, and the plates were read at 405 nm on an ELISA reader.
Cecal Microbial Populations. On d 42, the 2 chicks from each pen that had not been injected with SRBC were slaughtered by neck cut for extraction of cecal contents. The cecal contents of each bird were pooled for serial dilution. Microbial populations were determined by serial dilution (10 −4 to 10 −6 ) of cecal samples in anaerobic diluents before inoculation onto Petri dishes of sterile agar as described by Bryant and Burkey (1953) . Lactobacilli were grown on Rogosa SL agar, E. coli were grown on eosin methylene blue agar, and coliforms were grown on McConkey agar (Darmstadt, Germany). Agars used to grow Clostridium perfringens were prepared according to the FDA (1992) . Plates for C. perfringens and Lactobacillus were incubated anaerobically (73% N:20% CO 2 :7% H 2 ) at 37°C. Escherichia coli and coliforms were incubated aerobically at 37°C. Plates were counted between 24 and 48 h after inoculation. Colony forming units were defined as distinct colonies measuring at least 1 mm in diameter.
Blood Characteristics. On d 42, the 2 chicks from each pen that had not been injected with SRBC were selected and blood samples were collected in heparinized tubes by puncturing the brachial vein to measure the plasma triglyceride, cholesterol, low-density lipoprotein (LDL) cholesterol, very low density lipoprotein (VLDL) cholesterol, low-density lipoprotein (HDL) cholesterol, red blood cells (RBC), total white blood cells (WBC), hematocrit, and hemoglobin concentration and to differentially count percentages of monocytes, lymphocytes, eosinophils, and basophils. Blood for hematocrit measurement was drawn into heparinized microcapillary tubes and centrifuged in a Hettich Microlite centrifuge (Tuttlingen, Germany) for 10 min at 1,300 × g. Hemoglobin concentration was analyzed colorimetrically with a ZiestChem Diagnostic kit (catalog no. 10-532, ZiestChemistry, Tehran, Iran). The concentration of triglyceride, total cholesterol, HDL cholesterol, VLDL cholesterol, and LDL cholesterol in the serum samples were analyzed with an automatic biochemical analyzer (Hitachi 717, Boehringer Mannheim, Ingelheim am Rhein, Germany) using the colorimetric method. An automated hematology analyzer (Sysmex XS-800i K-800i, Sysmex Corp., Kobe, Japan), which had been standardized for analysis of chicken blood, was used to determine the concentration (cells/µL) of total WBC and RBC. For the relative microscopic differential WBC count, blood smears were made and stained with May-Grünwald-Giemsa stain. One hundred cells were counted, including lymphocytes, basophils, eosinophils, and monocytes. The smears were counted at the Human Health Services laboratory (Kavoosh Laboratory, Karaj, Iran).
Digestive Traits. On d 42, the same 2 chicks from each pen that had not been injected with SRBC but that were bled were killed by neck cutter; the weight of the breast, thigh, abdominal fat, gizzard, duodenum, jejunum, ileum, and bursa of Fabricius and the length of the duodenum, jejunum, and ileum were measured.
The digestive tract with contents was removed aseptically and the proventriculus, gizzard, and small intestine sections were excised, cleaned, dried with desiccant paper, and measured. The weight of the empty organs was expressed relative to live BW. The proventriculus, gizzard, duodenum, jejunum, and ileum were cut longitudinally and pH of their contents was measured in triplicate using a digital pH meter (Testo 205, Testo, Sparta, NJ).
Experiment 2
As in experiment 1, 128 male Ross 308 broilers (1 d old) were obtained from a local commercial hatchery and raised over a 42-d experimental period. Environmental condition and basal diet were similar to that in experiment 1. The experiment was performed as a completely randomized design with 8 replicates of 4 chicks in each battery cage. Four treatments were formulated by addition of 2 levels (0.3 and 0.5 g/kg) of Camellia L. plant extract (CLE) and 0.5 g/kg of mannanoligosaccharide (MOS) to the basal diet. Body weight, cumulative feed intake, and FCR were measured at the end of wk 3, 5, and 7 for each cage as in experiment 1. Cecal microbial population, antibody response, blood characteristics, and digestive traits were measured using the same procedure and at the same time as in experiment 1.
CLE and MOS Preparation. Fresh flowers of tea [Camellia sinensis (L.) Kuntze (family Theaceae)] variety Longjing 43 was harvested from the Tea Resource
Garden of Zhejiang Tea Science Research Academy (Hangzhou, China). For the aqueous extract preparation, tea flowers were freeze dried and milled into powder by a pulverizer. One hundred grams of powder was boiled with 1 L of distilled water under reflux for 1 h. The supernatant was filtered, frozen at −80°C, and then lyophilized (Christ Alpha 1-4 LD plus, Osterode am Harz, Germany). The yield of aqueous extract from tea flowers was typically about 28 g/100 g of powder.
The extract was stored at −20°C until use. This extract was pale brown-yellow powder with weak odor containing triterpenoid saponin (30%), polysaccharides (30%), CP (7%), and crude ash (26%) in an as is basis. The contents of polyphenol, protein, total sugar, and saponin were determined by a spectrophotometer using the following methods, respectively: polyphenol by ferrum tartrate method, protein by Coomassie brilliant blue method, total sugar by anthrone reagent method (Zhong, 1989) , and saponin by H 2 SO 4 -vanillin method Means within a column and main effect without a common superscript differ significantly (P ≤ 0.05). Means were compared by Duncan (for main effects) and Tukey (for interaction).
1 There were 2 broilers per cage and 8 cages per diet. Cage means were used to calculate dietary averages. (Dini et al., 2009) . The moisture and total ash contents were determined by the methods described in AQS (2002a) and AQS (2002b), respectively. The MOS was obtained from TechnoMOS (Biochem, Lohne, Germany) as a commercial source of MOS. Intestinal Morphology. At 42 d of age 4 birds of each treatment were killed for evaluation of ileal morphology. The digestive tract with contents was removed aseptically and the ileum was separated from the Meckel's diverticulum up to 1 cm proximal to the ileocecal junction and then dried with desiccant paper. A 2-cm section of ileum was taken from the middle of the ileum and was gently flushed with PBS (pH 7.2). Tissue sections were immediately fixed in 10% neutral buffered formalin; this formalin was changed 3 times for completing the fixation. A single 0.5-cm sample was cut from each ileal section, dehydrated with increasing concentrations (70, 80, 95 , and 100%) of ethanol, cleared with xylene, and placed into polyfin embedding wax. Tissue sections (2 µm) were cut by microtome (Leitz-1512 Microtome, Leitz, Wetzlar, Germany), floated onto slides, and stained with hematoxylin (Gill no. 2, Sigma, St. Louis, MO) and eosin (Sigma). To measure villus height and crypt depth, images from samples and micrometer were taken using a digital camera that had light microscopy. Twelve images from 4 tissue sections of each ileal section were taken and 24 villus heights and crypt depths were measured by imaging software. Measurements for villus lengths were taken from the tip of the villus to the valley between individual villi, and measurements for crypt depth were taken from the valley between individual villi to the basolateral membrane. Morphology data were analyzed by the GLM procedure of SAS software (SAS Institute, Cary, NC).
Statistical Analysis. Data were analyzed by 2-way ANOVA in experiment 1 and 1-way ANOVA in experiment 2 using the GLM procedure of SAS (SAS Institute) with an average of 4 birds in a cage as the experimental unit for performance characteristics and an average of 2 birds as the experimental unit for microbiological characteristics. Differences between treatment means were tested using Duncan's multiple comparison test for main effects and Tukey's test for interactions. Statistical significance was declared at P ≤ 0.05. Microbiological concentrations were subject to log 10 transformation before analysis.
RESULTS
Experiment 1
Growth Performance. Addition of AL to the diet had no effect on BW and FCR throughout the experiment but significantly decreased feed intake from d 1 to 21 (P ≤ 0.01). Addition of BCS to the diet significantly increased BW and decreased FCR (P ≤ 0.01 and P ≤ 0.05, respectively). However, feed intake was unaffected by BCS for entire growing periods. No interaction of AL and BCS on BW, FCR, and feed intake was significant (Table 2) . Effect of AL and BCS on pH. Artemisia leaves had no effect on gastrointestinal pH at 42 d of age (Table  3) . Black cumin seeds significantly increased gizzard pH (P ≤ 0.01) but did not affect the proventriculus, duodenum, ileum, and jejunum. Supplementing the diet with both AL and BCS significantly increased jejunum pH compared with the diets supplemented by BCS, but no differences were detected for proventriculus, gizzard, duodenum, and ileum pH.
Effect of AL and BCS on Carcass Analysis. Relative weight and length of different parts of the carcass and gastrointestinal tract were not affected by supplementing the diet with AL. The relative weight of the gizzard was increased (P ≤ 0.01) by addition of BCS to the diet but other parts of the gastrointestinal tract and carcass were not affected (Table 3) . Combining AL and BCS in the diet did not change relative weight and lengths of different portions of the carcass.
Blood Characteristics and Immune Response. Supplementation of AL in the diet did not significantly alter plasma cholesterol, triglyceride, HDL, LDL, VLDL, LDL:HDL ratio, hematocrit, hemoglobin, and differential counting of lymphocytes, eosinophils, and basophils but did increase monocyte percentage (Table  4 ). The LDL, LDL:HDL ratio, RBC, hematocrit, and hemoglobin were greater and monocytes were lower in chicks fed BCS. Plasma cholesterol, triglyceride, HDL and VLDL concentrations, and lymphocytes, eosinophils, and basophils percentages were not affected by addition of BCS. Combination of these 2 plants had no significant effect on blood characteristics. Artemisia leaves did not affect primary or secondary antibody response against the SRBC. Black cumin seeds reduced (P ≤ 0.01) primary antibody response against SRBC at Table 5 . There was a reduction (P ≤ 0.01; ≤ 0.05) in cecal coliform and E. coli population in chicks fed a diet containing AL when compared with chicks fed the unsupplemented diet. There was no effect of BCS on cecal Lactobacillus, coliform, and E. coli populations. Adding both AL and BCS to the diet significantly (P ≤ 0.05) altered cecal lactobacilli compared with BCS alone and altered coliform compared with the control and BCS; this showed an interaction between these products because the BCS alone had no effect on cecal bacterial populations. Clostridium perfringens was not detected in the serial dilution.
Experiment 2
Growth Performance. The addition of 0.3 g/kg of CLE and 0.5 g/kg of MOS did not significantly affect BW at 21, 35, and 42 d of age (Table 6 ). The addition of CLE at 0.5 g/kg reduced (P ≤ 0.01) BW and feed intake when compared with chicks fed the basal diet. Supplementing 0.3 g/kg of CLE and 0.5 g/kg of MOS significantly decreased feed intake at 21 d of age but had no effect on feed intake at 35 and 42 d of age. Feed conversion ratio was reduced (P ≤ 0.05) by supplementing the basal diet with CLE at 28 d of age but the effect was not significant at 35 and 42 d of age. The MOS reduced (P ≤ 0.05) FCR at only 21 d of age. The effects of MOS and 0.3 g/kg of CLE were similar for growth performance, but addition of 0.5 g/kg of CLE significantly decreased BW and feed intake compared with the addition of MOS.
Effect of CLE and MOS on pH. The CLE increased (P ≤ 0.05) proventriculus and gizzard pH but had no effect on duodenum, ileum, and jejunum pH ( Table 7) . Addition of MOS to the basal diet decreased (P ≤ 0.05) ileum pH but differences were not significant between the MOS and CLE for pH of other sections of gastrointestinal tract.
Effect of CLE and MOS on Carcass Analysis. Relative weight and length of different parts of the carcass and gastrointestinal tract were not affected by supplementing the basal diet with CLE and MOS. The overall means for carcass analysis were 74.39, 26.01, 21.21, 1.26, 1.28, 0.32, 0.78, 0.76, 0 .08, and 0.17% for carcass, breast, thigh, abdominal fat, gizzard, duodenum, jejunum, ileum, spleen, and bursa of Fabricius relative weight, respectively, and 1.19, 2.67, and 2.81% for duodenum, jejunum, and ileum relative length, respectively.
Blood Characteristics and Immune Response. At 0.5 g/kg of CLE, a significant reduction (P ≤ 0.05) was found in plasma cholesterol and total WBC count, but triglycerides, HDL, LDL, VLDL, LDL:HDL ratio, hemoglobin, hematocrit, and differential counting of WBC were not affected. Result showed no significant effects of 0.3 g/kg of CLE and MOS on blood characteristics (Table 8) . Supplementing the basal diet with 0.5 g/kg of CLE and MOS reduced (P ≤ 0.05) primary antibody response against SRBC but had no negative effect on secondary antibody response at 42 d of age (Table 9) .
Enumeration of Cecal Bacterial Population. Influence of CLE and MOS on cecal bacterial population was evaluated (Table 9) . Lactobacillus, coliform, and E. coli populations were unchanged in response to addition of CLE and MOS.
Effect of CLE and MOS on Villi and Crypt. In birds subjected to CLE, crypt depth and villus height were increased (P ≤ 0.001) compared with the basal diet. Addition of MOS increased villus height and crypts depth when compared with chicks fed the basal diet. Also, villus height in chicks fed MOS was greater than that in chicks fed 0.3 g/kg of CLE and lower than that of those fed 0.3 g/kg of CLE. Crypt depth in chicks fed MOS was lower than that of chicks fed CLE (Table 10) .
DISCUSSION
Effects of intact BCS addition to the diets on chicken performance are variable. In a study conducted in chickens, El-Bagir et al. (2006) showed that dietary black cumin at the level of 1 or 3% significantly increased final BW of laying hens. Aydin et al. (2008) showed that supplementing layer hen diets with 1, 2, and 3% BCS had no effects on BW, FCR, and feed intake but linearly increased egg production. However, other studies showed that addition of BCS to the diet significantly decreased BW of the chickens (El-Sheikh et al., 1998; Means within a column without a common superscript differ significantly (P < 0.05). 1 There were 2 broilers per cage and 8 cages per diet. Cage means were used to calculate dietary averages. Akhtar et al., 2003) . Halle et al. (1999) showed the controversial effects of addition of black cumin essential oil (0.1 or 1 g/kg) or oilseed (10 or 50 g/kg) on broiler performance. In another study conducted with Hybro broiler chicks, it was reported that a diet supplemented with 10% BCS had no adverse effects on performance (Al-Homidan et al., 2002) . The results of the current experiment showed that black cumin significantly increased BW and decreased FCR without any adverse effect on feed intake. Therefore, improvement in BW and FCR might be related to the black cumin high oils or increased nutrient digestibility because of increasing the digesta retention time in the gizzard. In the present study, supplementing black cumin significantly increased gizzard relative weight. Experiments have shown that high levels of fat in the gizzard increase digesta retention time and decrease gizzard pH, resulting in enhanced gizzard relative weight (Mateos and Sell, 1980; Gonzalez-Alvarado et al., 2007) . Conversely, the results of the present study showed that supplementation of the diet with black cumin increased gizzard pH.
In the present study, black cumin increased LDL cholesterol and LDL:HDL ratio but had no effect on triglyceride, total serum cholesterol, and HDL cholesterol. Al-Beitawi et al. (2009) reported that replacing the bacitracin with crushed black cumin in broiler diets significantly reduced serum triglyceride and cholesterol. Brunton (1999) suggested that reduction in serum cholesterol and triglycerides may be attributed to the lowering effect of thymoquinone and monounsaturated fatty acids on the synthesis of cholesterol by hepatocytes or fractional reabsorbtion from the small intestine. The present results are not consistent with those obtained by previous research. Black cumin reduces cholesterol only when given in a high dose; therefore, any reduction in the present study might be attributable to a low amount of effective substance resulting from using intact BCS instead of using oils or crushed black cumin in previous studies. Supplementing the basal diet with black cumin significantly increased RBC, hemoglobin, and hematocrit concentrations. These results are in agreement with Zaoui et al. (2002) who showed significantly increased hemoglobin and hematocrit in rats fed black cumin oils. In addition, studies in mice and rats have shown that treatment with black cumin extract significantly protects against cisplatin-induced decreases in leukocytes counts, hemoglobin levels, mean osmotic fragility, and hematocrit increase (Nair et al., 1991; el Daly, 1998) . Hossam et al. (2011) reported that improvement of erythrocyte count and increasing the hemoglobin concentration after administration of black cumin oil may be explained by an increased number of cells in bone marrow that reached advanced developmental stages and the acceleration effect of black cumin oil on the cellular respiratory mechanism. Thus, protein formation needed cellular events such as mitosis generated in mitochondria, which have enzymes involved in the biosynthesis of heame, the most important component in erythropoiesis. Studies have shown Means within a column without a common superscript differ significantly (P < 0.05).
1 HDL = high-density lipoprotein cholesterol; VLDL = very low density lipoprotein cholesterol; LDL = low-density lipoprotein cholesterol; RBC = red blood cells; WBC = white blood cells.
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There were 2 broilers per cage and 8 cages per diet. Cage means were used to calculate dietary averages.
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BLACK CUMIN, ARTEMISIA, AND CAMELLIA that some constituents of black cumin exert stimulatory roles toward T cell-mediated immune responses whereas other constituents suppress B cell-mediated immune responses (Swamy and Tan, 2000; Islam et al., 2004) . Al-Beitawi et al. (2009) showed that addition of crushed BCS instead of bacitracin to broiler diets increased antibody titer against Newcastle disease and infectious bursal disease; however, no significant differences were observed in antibody titer against infectious bursal disease among all dietary treatments. Results of the current study showed that black cumin hampered primary antibody response against SRBC at earlier ages, but no significant effect was observed later. Artemisia Siberia suppressed feed intake at earlier ages but had no effect on feed intake during the rest of the experiment. Artemisia leaves had no effect on BW and FCR; the feed intake-suppressing effect of Artemisia might be the result of its high fiber. Duke (1986) mentioned that high fiber in broiler diets increases digesta retention time and therefore stimulates mechanical receptors of the proventriculus, promotes HCl production, and reduces gizzard pH. The result of the current study showed no effect of Artemisia on gastrointestinal relative weight and pH; this might be the result of very fine particles of Artemisia used in this experiment because the physical form of the fiber affected the amount of HCl production (González-Alvarado et al., 2007) . Hetland and Svihus (2001) showed that lowfiber diets resulted in weak development of the gizzard, and addition of fiber to these diets increased relative weight of the gizzard. Hetland and Svihus (2001) stated that the effect of fiber on the gizzards depends on its particle size. Artemisia significantly reduced coliform and E. coli populations in cecum of birds but had no effect on Lactobacillus population. Previous works have suggested that several essential oils of Artemisia showed important antimicrobial activity against bacteria, yeasts, dermatophyte, and aspergillums strains (Janssen et al., 1987; Rios et al., 1988; Griffin et al., 1999) . Lopes-Lutz et al. (2008) reported that volatile fatty acids of Artemisia had inhibitory effects on the growth of E. coli.
In the current study, CLE had adverse effects on broiler performance. The extract decreased BW and feed intake. The extract contained high levels of triterpenoid saponins and studies have proven that the inclusion levels of saponins in diets as well as the type of saponin affected the broiler response. Previous studies have suggested that alfalfa saponins have adverse effects on the performance of birds (Heywang and Bird, 1954; Anderson, 1957; Heywang et al., 1959; Whitehead et al., 1981) , and the adverse effects of saponins have been attributed to suppressing feed consumption because of the bitter taste (Cheeke et al., 1983; Milgate and Roberts, 1995) . Jenkins and Atwal (1994) found that dietary triterpenoid saponins had adverse effects on the growth and feed consumption of chicks when fed at a level of 0.30% (gypsophila saponins) or higher (quillaja saponins).
It is documented that plant polysaccharides (Nie and Zhang, 1999; Chen et al., 2002; Guo et al., 2004; Kong et al., 2006) , saponins (Ilsley et al., 2005) , and flavonoids (Dakora, 1995) possess the hypocholesterolemic effect and immunity enhancement that have been found in alfalfa polysaccharides (Zhao et al., 1993; Jiang and Yu, 2005) . Sharangi (2009) reported that green tea extract enhances the human immune system and strengthens body cells. In addition, Sharangi (2009) reported that green tea is beneficial for the cardiovascular system, lowering cholesterol and preventing platelet clumping. In the present study the extract significantly reduced total cholesterol but had no effect on HDL and LDL cholesterol. At earlier ages, 0.05 g/kg of extract reduced primary antibody response against SRBC but had no effect during the rest of the experimental pe- riod. In addition, the extract had no effect on spleen and bursa of Fabricius relative weight. As an important finding of this experiment, CLE, like MOS, improved the ileum structure as indicated by an increase in villi length and crypt depth. Baurhoo et al. (2007) reported that an increase in villi length due to MOS has been associated with increased lactobacilli and bifidobacteria colonization of broiler intestines. In the current study we observed no significant effects of CLE and MOS on cecal microbial populations. However, microbial population might be changed in the duodenum and ileum. In this experiment, FCR was significantly improved by the addition of CLE to the basal diet. This effect might be attributed to the improvement of nutrient absorption resulting from high villi length and crypt depth, but the exact mechanism underlying this effect is still not clear. Inclusion of CLE in the basal diet increased proventriculus and gizzard pH. Platel and Srinivasan (2004) reported that phytogenic products stimulate digestive secretion (e.g., saliva and mucus) and might enhance the gastrointestinal pH.
The data indicate that inclusion of AL has a positive effect on gut health and that BCS alone or mixed with AL may improve broiler growth performance. The CLE had a negative effect on feed intake and BW gain and it is not a suitable alternative to prebiotics.
